Background. For esophageal cancer, the number of retrieved lymph nodes (LNs) is often used as a quality indicator. The aim of this study is to analyze the number of retrieved LNs in The Netherlands, assess factors associated with LN yield, and explore the association with short-term outcomes. This is a population-based study on lymph node retrieval in patients with esophageal cancer, presenting results from the Dutch Upper Gastrointestinal Cancer Audit. Study Design. For this retrospective national cohort study, patients with esophageal carcinoma who underwent esophagectomy between 2011 and 2016 were included. The primary outcome was the number of retrieved LNs. Univariable and multivariable regression analyses were used to test for association with C 15 LNs. Since the relationship between the number of retrieved LNs and survival was shown, the number of retrieved lymph nodes (LNs) has often been used as a quality indicator for esophageal cancer surgery.
Since the relationship between the number of retrieved LNs and survival was shown, the number of retrieved lymph nodes (LNs) has often been used as a quality indicator for esophageal cancer surgery. [1] [2] [3] [4] [5] In 2013, the total number of retrieved LNs was introduced as one of the quality indicators in the Dutch Upper Gastrointestinal Cancer Audit (DUCA). 6 This nationwide audit aims to provide insight into the quality of delivered care by reporting reliable and benchmarked information on process and outcome parameters, defined as ''quality indicators.'' The 7th edition of the Union for International Cancer Control (UICC)/American Joint Committee on Cancer (AJCC) classification recommended removal of at least 15 LNs for reliable staging of gastric cancer. 7 Hence, the number of 15 nodes was introduced as a quality indicator for esophageal cancer.
It is unclear whether introduction of this indicator resulted in higher LN yield. Furthermore, it is unknown which factors are associated with the number of LNs retrieved and whether higher LN yield is associated with higher postoperative morbidity or mortality.
The aim of this study is to evaluate trends in the number of retrieved lymph nodes and the proportion of patients with C 15 LNs in the resection specimen. The second aim is to identify patient, tumor, and treatment factors associated with the number of retrieved LNs, LN yield, and thirdly, to evaluate whether higher LN yield is associated with increased morbidity and/or 30-day/in-hospital mortality.
METHODS

Study Design
Data were retrieved from the DUCA. This surgical audit was initiated in 2011 and is part of the Dutch Institute for Clinical Auditing (DICA). All patients with esophageal or gastric cancer with intent of resection should be registered. Results on quality indicators are reported to the participating hospitals. Each year, external quality indicators are made transparent to the public, policy-makers, insurance companies, and patient federations. Validation of completeness and accuracy of data registration is performed. 6 For this study, patient, tumor, and treatment characteristics, pathological information, and postoperative outcome (until 30 days after operation) were retrieved from the DUCA. Because patient and hospital identity are anonymous in the database, it was not possible to retrieve missing data or additional variables in retrospect.
Patient Selection
All patients undergoing surgery for esophageal cancer with curative intention between 2011 and 2016 were included. Patients with unknown date of birth, unknown survival status at 30 days after surgery or discharge (in case of hospital stay [ 30 days), or with unknown number of retrieved LNs were excluded.
Since 2010, nCRT followed by surgery has been the standard treatment according to the Dutch guideline for esophageal carcinoma (with the exception of T1N0 tumors). 8 
Outcomes
Primary outcomes were the number of retrieved LNs (as documented by the pathologist based on examination of the resection specimen) and the percentage of patients with C 15 LNs retrieved (as defined by the number of patients with at least 15 retrieved LNs relative to the total number of patients who underwent resection).
No informed consent or ethical approval was required under Dutch law.
Statistical Analysis
To compare patient, tumor, and treatment characteristics and surgical outcomes between the groups with C 15 LNs and with \ 15 LNs, the v 2 test was used. To identify associated factors, univariable and multivariable logistic regression analyses were performed. Factors with P value \ 0.10 on univariable analyses or clinically relevant were included in multivariable analyses. For all analyses, statistical significance was defined as P \ 0.05. All analyses were performed using SPSS Ò version 24 (IBM, Armonk, NY, USA) and R (R Studio, version 0.99.903, Inc., with package ''ggplot2'').
Possible factors associated with LN yield were selected by the scientific committee of the DUCA based on literature. Consensus was reached for the factors age, preoperative weight loss, Body Mass Index (BMI), tumor location, American Society of Anesthesiologists (ASA) score, Charlson comorbidity score, 9 clinical T-, N-, and M-category of the tumor, neoadjuvant chemo(radio)therapy, surgical approach (minimally invasive or open, and transhiatal or transthoracic), annual hospital volume, and year of surgery. For evaluation of minimally invasive approaches, stratified multivariable analysis for transhiatal and transthoracic was used. To assess the relationship between C 15 LNs and surgical outcomes, yield of C 15 LNs was analyzed in relation to nonradicality of the resection (resection margins not free of tumor cells), intraoperative complications, postoperative complications, and 30-day and/or in-hospital mortality. A severe complication was defined as a complication leading to hospital stay [ 21 days, reintervention or death.
RESULTS
A total of 4076 patients who underwent esophagectomy for esophageal carcinoma were registered in the DUCA between 2011 and 2016. Some patients were excluded because date of birth was missing (n = 12), survival status after 30 days/at discharge was missing (n = 80), or the number of LNs was not documented (n = 14). Hence, a total of 3970 patients was included in the study analyses ( Supplementary Fig. S1 ).
Number of Retrieved LNs
The median number of retrieved LNs increased from 15 [interquartile range (IQR) [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] in 2011 to 20 (IQR 16-27) in 2016 ( Fig. 1) . Overall, the percentage of patients with C 15 LNs was 69%. Among patients with C 15 LNs, the median number of retrieved LNs was 22 (IQR 18-28), and in the group of patients with \ 15 LNs, this number was 11 . The percentage of patients with C 15 retrieved LNs increased from 51% in 2011 to 81% in 2016. In 2011, the percentage of patients with C 15 retrieved LNs ranged between 0 and 77% among hospitals. In 2016, this variation between hospitals decreased (Fig. 2 ).
Factors Associated with C 15 LNs
Patient, tumor, treatment, and hospital characteristics are presented in Table 1 (Table 3) . Lymph Node Retrieval during Esophagectomypatients with clinically suspicious positive lymph nodes, the surgeon is particularly focused on more complete LN dissection. Also, tumor-positive LNs are often increased in size and therefore easier to identify during the operation and during pathological examination of the resection specimen. This could result in a higher number of retrieved LNs. Another explanation is that the immune response against the tumor influences the number of retrieved LNs. It has been suggested that larger tumors may cause a more intense immune response, leading to hyperplasia of local LNs, which could increase LN detectability. 10 However, this hypothesis is not proven yet.
It is well known that the type of surgical approach in esophageal resection influences the number of retrieved LNs; i.e., transthoracic as compared with transhiatal approach is associated with a higher number of LNs retrieved, as also seen in the current study. 11, 12 Regarding the impact of a minimally invasive approach on LN yield, conflicting results have been published. A systematic review showed no differences between open and minimally invasive surgery, while another meta-analysis showed significantly higher LN retrieval in minimally invasive surgery (16 vs. 10, P = 0.03). 13, 14 In the present study, higher LN retrieval was seen especially in minimally invasive transthoracic procedures, which is in accordance with a recent propensity-score-matched analysis also using data from the DUCA [20 (2-59) vs. 18 (0-53) LNs; P \ 0.001]. 15 It is possible that minimally invasive surgery offers benefits in terms of magnification and visibility of surgical structures and planes, which may translate into higher LN yield.
Busweiler et al. recently showed that, in patients undergoing gastrectomy, the percentage of patients with C 15 retrieved LNs was higher in hospitals with higher composite hospital volume (gastrectomies, esophagectomies, and pancreatectomies). 16 In our study, a similar association was noticed for esophageal cancer surgery. It is suggested that hospitals performing this type of surgery may benefit from the in-hospital experience. 16 More intensive cooperation of a multidisciplinary team could be important for quality improvement initiatives. This study showed an increase in the number of LNs every year. It is expected that, since the introduction of quality indicators in the DUCA, quality improvement initiatives in all hospitals have been initiated, because the results of these indicators are transparent for all individual hospitals each year. The national healthcare inspectorate, health insurance authorities, and different federations use the outcomes of this indicator to assess the quality of upper gastrointestinal surgical care in hospitals in The Netherlands. The increased numbers of retrieved LNs over the years could be the result of increased awareness of the importance of LN dissection by surgeons. On the other hand, back table dissection of the specimen and more extensive pathological assessment as a result of dedication of the pathologist could be major explanations as well. All these explanations have likely contributed to improving quality of care. The role of the pathologists in identifying nodes in the resection specimen is very important, as the ASA American Society of Anesthesiologists, TTE transthoracic esophagectomy, THE transhiatal esophagectomy, MI minimally invasive, LNs lymph nodes *Chi-squared analysis, in case of \ 5% ''unknown,'' this category was not included in the statistical analysis (exception: cN-category) time spent doing this makes a great difference. 17 In this study, the role of the pathologist could not be studied, but dedicated pathologists or technicians are associated with increased number of nodes detected. 18, 19 More extensive LN dissection may lead to better locoregional tumor control. However, the importance of LN dissection for locoregional tumor control has been debated since the introduction of neoadjuvant chemoradiotherapy.
It is known that neoadjuvant chemoradiotherapy leads to tumor and lymph node downstaging, resulting in more resections with negative margins and lymph nodes. 20 The study of Talsma et al. showed that the number of retrieved LNs had a prognostic impact for patients who underwent surgery without neoadjuvant chemoradiotherapy, but not in the group of patients who underwent neoadjuvant chemoradiotherapy. 21 For patients treated with neoadjuvant chemotherapy, Markar et al. also showed lower recurrence rate and improved survival for patients with higher lymph node yield. Similarly, effects of higher lymph node yield on survival or recurrence were not observed in patients treated with neoadjuvant chemoradiotherapy. 22 In the current study, we observed an inverse correlation between neoadjuvant chemoradiotherapy and retrieved LNs, which has been reported before. 11, 21, 23, 24 An explanation for this phenomenon could be that use of neoadjuvant chemoradiotherapy leads to less priority for extended LN dissection by Dutch surgeons, or that neoadjuvant treatment, especially neoadjuvant chemoradiotherapy, may induce regression of LNs, as reported before. 10 So, despite radical resection, fewer LNs are retrieved or detected by the pathologist. Unfortunately, the DUCA registry has no long-term follow-up. Hence, it cannot be concluded from the results of this study whether the number of retrieved LNs is a valid indicator for the quality of locoregional tumor treatment. Nonetheless, this indicator may be meaningful as an indicator for overall quality of esophageal cancer care. Higher number of retrieved LNs may lead to improved tumor staging, and complete pathological staging is essential to predict the prognosis of patients. Furthermore, in patients treated with neoadjuvant chemoradiotherapy, signs of tumor regression in LNs (instead of positive LNs) are a better predictor of prognosis than clinical N-category, which is not always easy to assess preoperatively.
CONCLUSIONS
Pro and contra arguments can be provided for use of a minimal number of retrieved LNs as a quality indicator in clinical auditing. An argument for the use of this indicator in clinical auditing is that it reveals relevant variation in outcomes of hospitals, which seems to distinguish between them. Another advantage could be that this indicator may lead to better quality of esophageal cancer because of quality improvement initiatives. However, the validity of this indicator as a direct measure of the quality of LN dissection is questionable, and the effect of more retrieved LNs on tumor control is debatable since the introduction of neoadjuvant chemoradiotherapy. Nevertheless, higher lymph node retrieval does not seem to lead to higher morbidity or mortality, so the number of retrieved LNs can safely be used as an indicator for quality of care.
